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I. 
In this note it is intended to complete the proof that the influence 
of the concentration of electrolytes on the transport of water through 
a  collodion membrane is similar in the case of free and of electrical 
endosmose. 
Fig.  1 gives the curves representing the influence of different con- 
centrations of KC1, K~SO4, K3 citrate, and CaC12 upon the initial rate 
of diffusion of water from pure water through a  collodion membrane 
into solution (free osmosis).  The solution was inside a collodion bag 
and the latter dipped into a  beaker filled with distilled water.  The 
ordinates of the curves give the rise in  the  level  of  liquid  after  20 
minutes in a glass tube pushed through a rubber stopper into the col- 
lodion flask.  The curves show, as pointed out in a  preceding publi- 
cation,  1 that the level rises at first with increasing concentration until 
it reaches a maximum at about ~/512 or M/256  and that it then drops 
with a  further rise in  concentration until  the latter is  ~/16  when a 
second rise begins.  The second rise is presumably the expression of a 
prevalence of the gas pressure effect while the first rise  and  fall  are 
the effect of the electrostatic influence of the ions on the rate of dif- 
fusion of water.  As stated in the preceding publication, pure water 
as well as water containing electrolytes is positively charged when in 
contact  with  a  collodion  membrane  while  the  latter  is  negatively 
charged.  Leaving  aside  the  gas  pressure  effect on  the  rate  of dif- 
fusion,  water will  be  driven through  the pores  or interstices of the 
I Loeb, ~., J. Gen. Physiol., 1919-20, ii, 173. 
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membrane from that side of the membrane which has a  smaller den- 
sity of charge to that side which has a greater  density.  The  density 
of charge on a collodion membrane in contact with a watery solution 
is influenced in an opposite sense by the oppositely charged ions of an 
electrolyte in solution, the density being increased by that ion which 
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FIG. 1.  Free osmosis.  Effect of ions on free osmosis when water is positively 
charged.  Inside  the  collodion bag,  solutions  of  CaC12, KC1,  K~S04,  and  I(3 
citrate in different concentration; outside, H20.  Abscissae are the logarithms of 
concentrations of electrolyte in the collodion bag, ordinates the rise in level of 
liquid in manometer after 20 minutes (with the exception of Ks citrate which is 
given after 10 minutes). JACQUES LOEB  565 
has the same sign of charge as the membrane and being diminished 
by that ion which has the opposite sign of charge."  Since the collo- 
dion membrane is negatively charged in  contact with  the solutions 
mentioned in  Fig.  1,  the density of charge on the membrane is in- 
creased by the anion and diminished by the cation of the electrolyte. 
The relative influence of the oppositely charged ions of an electro- 
lyte is, however, not the same for different concentrations.  When the 
membrane is  negatively charged the influence of the  anion  on  the 
charge of the membrane increases in lower concentrations more rap- 
idly with increasing concentration than the depressing effect of the 
cation until the concentration is M/512  or ~/256.  When this point is 
reached, the depressing influence of the cation on the negative charge 
of the membrane increases more rapidly with increasing concentration 
than the influence of the anion. 
This  explains why the curves representing the  initial  rate of dif- 
fusion of water from pure water through a  collodion membrane to a 
solution of an electrolyte rise  at first with increasing concentration 
until the concentration is about M/512  or 5/256  and then generally 
drop with a further increase in concentration?  The rise of the curves 
is higher the higher the valency of the anion and less the higher the 
valency of the cation.  In the case of CaCh  the strong depressing 
effect of Ca prevenfs a  rise by the C1 ion. 
It follows from the theoretical discussion in  the preceding paper  2 
that if this explanation of the influence of the concentration of the 
electrolyte is  correct,  the  rate  of diffusion of water through  a  col- 
lodlon membrane must vary in the same sense with the concentration 
of the electrolyte in the case of electrical endosmose as it does in the 
case of free osmosis.  This is shown to be true by the curves in Fig. 2. 
These curves represent the relative transport of water in the case of 
electrical endosmose through a  collodion membrane in  the presence 
of the same electrolytes as those used in Fig.  1. 
In these experiments the collodion flasks were filled with a solution 
of an electrolyte and were dipped into a  beaker containing an iden- 
tical solution.  A large disc of platinum at the bottom of the beaker 
Loeb, ]., J. Gen. Physiol.,  1919-20, ii, 387. 
8 The second rise beginning with M/16 is due to the gas pressure effect and will 
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was  one  electrode  while  the  other  electrode  was  a  platinum  wire 
pushed through a glass tube into the collodion flask.  The latter was 
closed with a  rubber  stopper  through which the glass  tube  with  a 
bore  of 2  nun.  diameter was pushed into the  collodion flask.  The 
distance between the two electrodes was 7.0  an.  A  p.D. of 15 volts 
was  applied  and  the  current  through  the  collodion membrane  in- 
creased  slowly in  intensity until  it  finally became  fairly constant. 
To accelerate this process a P.D. of 200 volts was used for 30  seconds 
or a  little longer, and then the P.D. was changed to  15  volts.  This, 
however, was done only in the case of the more dilute solutions.  The 
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FIo. 2. Electrical  endosrnose.  Effect of the same electrolytes as in Fig. 1 on 
electrical endosmose.  Inside and outside the collodion bag identical solutions. 
Absdss~ are the logarithms of concentrations of electrolyte in solution, ordi- 
nates rise of level of liquid on the side of the cathode in 15 minutes.  The influ- 
ence of electrolytes on the rate of transport of water in electrical endosmose is 
similar to that in free osmosis (Fig. 1). 
liquid rose in the glass tube when it contained the cathode, showing 
that the watery phase was positively charged.  The rise in level in the 
glass tube was measured for 15  minutes (usually between 5  and 20 
minutes after the commencement of the action of the current). 
The reader will notice that the amount of liquid transported by the 
current rises at first with the increase in concentration of the solution 
until the latter is  about M/512  and that with a  further increase in 3ACOUES LOEB  567 
concentration  the  quantity  of  electro-endosmotic  transport  falls. 
The curves resemble those in Fig.  1 except that the maximum is a 
little lower in the case of electrical endosmose.  The writer is inclined 
to explain this difference by the fact that in electrical endosmose the 
concentration of the liquid is increased by  the secondary chemical 
reactions at the electrodes and that thereby in a  ~t/512  solution of 
K,  SO4 or KC1 the concentration of the solution rises gradually as a 
consequence of electrolysis and secondary chemical reactions at the 
electrodes and approaches M/256. 
It is,  moreover, obvious that the electrical transport (Fig. 2) of the 
positively charged liquid increases with the valency of the anion as in 
free osmosis (Fig. 1) and that it diminishes with the increasing valency 
of the cation as shown by the fiat curve for CaC1,.  The curves for 
MgC12 and BaCh are like those for CaCh in the case of free osmosis 
as well as in the case of electrical endosmose. 
We have inferred in the preceding paper* that the rate of transport 
of liquid in electrical endosmose varies, if the other conditions remain 
equal, with the value of the charge ~ on the unit area of membrane. 
If this inference is correct then it follows from the nature of the curves 
in Fig.  2  that  beginning with  the  lowest  concentrations the  influ- 
ence of the anion on the density of charge of the membrane increases 
at first more rapidly with increasing concentration than the depres- 
sing effect of the cation upon the density of this charge, while later the 
reverse occurs.  The  turning  point  seems  to  lie  for  the  solutions 
mentioned between  ~r/512  and  a~/256,  where  it  also  lies  for  free 
osmosis. 
II. 
When we  separate  solutions of  electrolytes with  a  hydrogen ion 
concentration of 10 -4 N or above from pure water by collodion mem- 
branes which have been treated with a protein, the watery phase  of 
the double layer is negatively and the membrane positively charged.  1, ( 
In the preceding paper  ~ it was shown that in such a case the charge of 
the membrane is increased by the cation and diminished by the anion 
of an electrolyte in solution, both effects increasing with the valency 
4  Loeb, J., J. Gen. Physiol., 1918-19, i, 717. 568  CAUSE  OF INFLUENCE  OF IONS.  II 
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FIG. 3.  Free osmosis.  Effect of ions on free osmosis when water is negatively 
charged due to acid reaction of solution.  Inside the collodion bag acidulated 
solutions of salts; outside distilled water.  Abscissae are the logarithms of con- 
centration of solution, ordinates rise of  level of  liquid in manometer after  20 
minutes. JACQUES LOEB  569 
of the ion.  Fig. 3 represents the influence of different concentrations 
of electrolytes (with hydrogen ion concentration above 10 -4 •)  upon 
the rate of diffusion of water through  the membrane.  It increases 
with the valency of the cation and diminishes with the valency of the 
anion, the curves in the case of Na~SO4 or NaH2PO4 showing no rise. 
The curves for CaC12 and NaC1 show a rise and then a drop, the turn- 
ing poiflt,  however, lying at higher concentrations than for neutral 
solutions.  The rise and drop find their explanation on the assump- 
tion that the influence of the cation on the charge of the membrane 
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Fie. 4.  ElecMcal endosmose.  Effect of acidulated salt solutions on electrical 
endosmose.  Inside  and  outside  the  bag  indentical solutions.  Similarity  of 
curves of transport in Fig. 4 and Fig. 3. 
increases  at  first more  rapidly  with increasing concentrations than 
the depressing effect of the anion upon this charge, while at concen- 
trations above a  certain point the reverse happens. 
This conception is supported by experiments on electrical endosmose 
as represented in Fig. 4.  The solutions of Na~SO4, NaC1,  CaCI~, and 
CeCh were made up in M/1,024 HNO~ and the hydrogen ion concen- 
tration was in the neighborhood of 10 -8 N.  The ThC14 solution was 
sufficiently acid  on  account  of hydrolysis  (its  pH  varying between 
3.5 and 1.9 according to concentration).  The watery phase was nega- 
tively charged and it was necessary to put the anode into the glass 570  CAUSE  O~"  INFLUENCE  OF  IONS.  II 
tube in order to bring about a rise in the level of water in the tube. 
It is obvious from Fig. 4 that the electro-endosmotic transport of the 
negatively charged liquid rises at first with increasing concentration 
of the electrolyte and then falls again; and the initial rise increases 
with increasing valency of the cation and diminishes with increasing 
valency of the  anion.  The  turning point varies  for  different elec- 
trolytes, probably on account of secondary chemical reactions at the 
electrodes,  especially  acid  formation at  the  anode.  The  curves  if 
interpreted on the basis of Heimholtz's theory prove that when the 
membrane is positively charged its positive charge is raised in low 
concentrations of electrolytes more considerably by the cation than 
it is depressed by the anion of the electrolyte, while when the con- 
centration of the  electrolyte exceeds a  certain limit the  depressing 
effect of the  anion increases more rapidly with  further increase in 
concentration than the opposite effect of the cation; thus supporting 
the explanation offered for the phenomena of free osmosis in Fig. 3. 
III. 
Fig.  5  is  a  repetition  of a  figure published in a  preceding paper  5 
showing the difference of influence of AI~C18 on the rate of diffusion of 
water when the collodion membrane has been treated with a protein 
and when it has not been treated.  When the  membrane has  been 
treated with a protein, water is powerfully attracted by a solution of 
A1,Clo and  the  attraction  increases  with  the  concentration  (upper 
curve);  when  the membrane has  not been  treated with  a  protein, 
water is not attracted by the solution except when the concentration 
becomes so high that the gas pressure effect of the solution shows itself 
(lower curve).  The explanation offered by the writer was as follows. 
When we separate AhC16 solutions of sufficiently low concentration 
from pure water by a membrane treated with gelatin, the water dif- 
fuses through the membrane in the form of negatively charged par- 
ticles which are attracted powerfully by the A1 ion and repelled weakly 
by the C1 ion; or, in other words, the A1  ion increases  the  positive 
charge of the membrane considerably and the C1 ion depresses the 
same  charge  less.  As  a  consequence  the  density  of  the  positive 
charge of the membrane on the solution side of the membrane must 
Loeb, J., J. Gen. Physiol., 1919-20, ii, 255. 48O 
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FIo.  5.  Free osmosis.  Upper curve, influence of AI~CIs upon the rate of dif- 
fusion  of  water  when  the  collodion membrane  has  been  treated  with  gelatin; 
lower curve, influence of  AbC16  on rate of diffusion when the membrane has not 
been treated with gelatin. 
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be greater than the positive charge of the membrane on the side of 
pure  water  and  water will  be  driven  to  the  solution  side.  When, 
however, the collodion membrane has not been treated with gelatin 
it is negatively charged even in the presence of AI2CI~ and of acid, and 
in the presence of the A1 ions the C1 ions cannot raise the negative 
charge on the solution side of the membrane beyond that on the water 
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FIo. 6. Eleari~al  endesraose with the same two kinds of membrane. 
side.  As a  consequence in this case no other attraction of water by 
the  solution except that based on the gas pressure effect can be pro- 
duced.  If  this  view  is  correct,  the  curves  of  electro-endosmotic 
transport of liquid through membranes treated and not treated with 
gelatin must be similar to the curves of free osmosis in Fig. 5.  Fig. 6 
shows that this is  the  case.  When identical solutions of A1CI~ are 
put into the collodion flask and into the beaker into which the collo- 
dion flask is dipped, and when a P.D. is applied in the way described, JACQUES  LOEB  573 
a  transport  of water  to  the  anode  occurs which increases with  in- 
creasing concentration to  about M/512  provided  the membrane had 
been treated with a protein (upper curve, Fig. 6); when the collodion 
membrane has  not been treated with  a  protein  no  such  migration 
occurs (lower curve, Fig. 6).  Hence the curves for electro-endosmotic 
transport  of liquid  through collodion membranes and  the transport 
of  water  in  free  osmosis  run  parallel,  supporting  the  explanation 
offered. 
In  comparing the upper  curves in  Figs.  5  and  6,  the reader will 
notice a  difference, inasmuch as in  the case of free osmosis through 
membranes treated with gelatin (upper curve, Fig. 5) the curve shows 
only a  rise but no drop,  while in the upper curve for electro-endos- 
motic transport  (Fig.  6)  through a  gelatin-treated membrane in the 
presence of a solution of A1Ch there occurs the characteristic drop at a 
concentration beyond M/512.  The writer is inclined to attribute the 
reason  for  this  difference to  the  fact  that  in  free  osmosis  the  gas 
pressure effect prevents the drop while in electrical endosmose this gas 
pressure  effect is  excluded  (since the solutions on both sides of the 
membrane are identical). 
Iv. 
When  we  separate  a  ~/256  solution  of  Na~SO4 or Li2SO,  by a 
collodion membrane from pure water, the latter will diffuse into the 
solution with a  certain velocity.  When we add small and identical 
quantities of a  salt like KC1 to the solution of M/256 Na~SO4 and to 
the distilled water, this velocity will be diminished;  8 owing to the fact 
that  beyond a  concentration of M/256  Na~SO,  the repelling  or  de- 
pressing  effect  of  the  cation  of  the  solute  increases  more  rapidly 
with increasing concentration of the. electrolyte than the 'attracting or 
accelerating effect of the anion on  the rate of diffusion.  When we 
add  MgCl~  or  CaCI~ instead  of  KC1  the  depressing  effect  is  still 
greater than in the case of KC1,  owing to the fact that Mg and Ca, 
as  bivalent  ions,  have  a  greater  depressing  effect than  K.  Fig.  7 
illustrates this statement, showing that the addition of KC1 or MgCI~ 
or CaCI~ to M/256  Na~SO~ diminishes the rate of diffusion of liquid 
into the Na~SO4 solution and that MgC12 and CaCI~ act more power- 
6 Loeb, J., J. Gen. Physiol., 1919-20,  if, 273. 574  CAUSE  OF INFLUENCE  OF IONS.  II 
fully than KC1.  The addition of 0.2  cc. of ~/4 MgCI~ or CaC1,  to 
100 cc. of M/256 Na~SO, (concentration of MgC1, or CaC12 = ~/2,000) 
lowers the rate of diffusion of water into the solution more than 50 
per cent, while the effect of the addition of 0.2  cc. of ~/4 KC1 (con- 
centration of KC1 =  ~/2,000)  lowers  the rate  of  diffusion of water 
into the solution considerably less. 
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Fla. 7. Free osmosis.  Depressing effect  of the addition of KC1, MgCI~, and 
CaC12 upon the attraction of water by ~/256 Na2SO4. 
Fig. 8 shows that the additionof KC1 and CaCI= to M/512 Na~SO, 
has  the  same  depressing  effect  on  the  rate  of  transport  of  liquid 
through the collodion membrane in the case of electrical endosmose. 
In this, as in the preceding experiments on electrical endosmose, iden- 
tical solutions were put into both sides  of the  collodion membrane. 
These solutions were M/512 Na~SO4 alone or with the addition of small 
quantities of KC1 or CaC12.  A P.D. of 15 volts was produced on the 
opposite  sides of  the membrane and. the rate  of  transport  of water JACQUES LOEB  575 
(which took place to the cathode) was observed.  The curves in Fig. 8 
show the result.  The quantity of transport of liquid was depressed 
both by the addition of KC1 and of CaCh but more by CaCh than by 
KC1.  The addition of 0.1 cc. of ~r/4 CaCI~ to 100 cc. ofg/512 Na2SO4 
(concentration  of  CaC12 =  ~/4,000)  lowers  the  transport  of  water 
more than twice as much as the addition of 0.1  cc. of ~r/4 KCI.  The 
depressing influence of the addition of KC1 or CaCh in the electrical 
transport  of  water  through  a  collodion  membrane  can  be  demon- 
strated equally well with ~/256  solutions  of Na2SO4 as with ~/512 
solutions. 
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FIG. 8. Electrical  endosmose.  Showing  that a similar depressing effect as in 
Fig. 7 exists in the case of electrical endosmose. 
These experiments on electrical endosmose show that the density of 
negative charge on the membrane in contact with a  M/256 or ~/512 
Na2SO4  solution  is  diminished  by  the  addition  of  any  electrolyte 
(whose  an/on  does not act more powerfully than SO,)  and that the 
diminution increases with increase in the valency of the cation added. 
This furnishes the explanation of the fact that when M/256 Na~SO4 
is  separated from pure water by a  collodion membrane the rate  of 
diffusion of the positively charged water into  the solution is dimin- 
ished  by  the  addition  of  KC1  and still  more  by  the  addition  of 
MgC]2 or CaCI~. 576  CAUSE  OF  INFLUENCE  OF  IONS.  II 
The writer has duplicated  the majority of the  experiments he has 
thus  far  published  on  free  osmosis  by  experiments  on  electrical 
endosmose and there is a  fair degree of similarity in the two cases. 
SUMMARY. 
1.  It  had  been  shown  in  previous  publications  that  when  pure 
water  is  separated  from  a  solution  of  all  electrolyte by  a  collodion 
membrane  the ion with the same  sign  of  charge  as  the  membrane 
increases and the ion with the opposite sign of charge as the membrane 
diminishes  the rate  of diffusion of water into  the  solution;  but that 
the relative influence of the oppositely charged ions upon the rate of 
diffusion of water through the membrane is not the same for different 
concentrations.  Beginning  with  the  lowest  concentrations  of  elec- 
trolytes the attractive influence of that ion which has the same sign of 
charge as the collodion membrane upon the oppositely charged water 
increases more rapidly with increasing concentration of the electrolyte 
than  the  repelling  effect of  the  ion  possessing  the  opposite  sign of 
charge as the membrane.  When the concentration  exceeds a  certain 
critical value the repelling influence of the latter ion upon the water 
increases  more  rapidly  with  a  further  increase  in  the  concentration 
of the electrolyte than  the  attractive influence of the ion having  the 
same sign of charge  as the membrane. 
2.  It is shown in this paper that the influence of the concentration 
of  electrolytes  on  the  rate  of  transport  of  water  through  collodion 
membranes  in  electrical  endosmose is  similar  to  that  in  the case of 
free osmosis. 
3.  On the basis of the Helmholtz theory of electrical double layers 
this seems to indicate that  the influence of an electrolyte on the rate 
of  diffusion  of water  through  a  collodion membrane  in  the  case  of 
free osmosis is due to the fact that  the ion possessing the  same sign 
of charge as the membrane increases the density of charge of the latter 
while the ion with the opposite sign diminishes the density of charge 
of the membrane.  The  relative influence  of the  oppositely charged 
ions on the density of charge of the membrane is not the same in all 
concentrations.  The influence of the ion with the same sign of charge 
increases  in  the  lowest concentrations  more  rapidly  with  increasing 
concentration  than  the influence of the ion with the opposite sign of 
charge,  while for somewhat higher concentrations  the reverse is true. 